THE PROBABILITY OF DEVELOPING CANCER
MICHAEL S. ZDEB 1 In 1956, Goldberg (1) described the probability of developing cancer during two time periods-1940 and 1950 . To compute probabilities, data on cancer morbidity and mortality from 1942-1944 and 1949-1951 were combined, respectively, with life-table data for the three year-periods 1939-1941 and 1949-1951 . The analysis was based on the population of upstate New York (New York State exclusive of New York City). Ferber (2) updated these probabilities by using similar data centered around 1959. The present analysis uses 1969-1971 cancer morbidity and 1970 lifetable data to estimate the current probability of developing cancer, and to compare current probabilities with those presented by Goldberg and Ferber.
MATERIALS
The cancer incidence and mortality data used for calculation of probabilities are for upstate New York for the period 1969-1971 ( Figure 1 ). The data are for sites 140-209 (8th Revision ICDA). Rates were calculated using the average number of cases and deaths for the three years, and the 1970 census population. The 1970 census data were also used to construct life tables needed for probability calculations. All data are for residents of upstate New York.
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This study was supported, in part, by Grant No CA 12707 from the National Cancer Institute. from the New York State Cancer Registry, which collects data provided by physicians, hospitals, and laboratories where surgical specimens are examined. Death certificates also provide data on incidence, i.e., any diagnosis of neoplastic disease listed on the death certificate of a resident of upstate New York is checked to see whether the case had previously been reported. If not, the death becomes a recorded case with the site as listed on the death certificate.
The percent-completeness of reporting of cases to the Registry is estimated to be between 85 and 90 per cent. A study conducted by the US Public Health Service (3) found that the completeness of reporting in 1945 was between 84 and 96 per cent for major site groups, with the average for all sites being 88.7 per cent. Both Goldberg and Ferber cited these figures as evidence of the completeness of reporting in their study periods.
Since 1966, data regarding all multiple primary neoplasms derived from live-report cases have been placed in the Registry. For the period 1969-1971, multiple primaries comprised less than 2 per cent of the cases used to compute incidence rates. Due to this low degree of multiple cases, the probabilities presented later may be interpreted as being for a population free of cancer.
Another feature of the data is the absence of skin as an individual site. In the papers by Goldberg (1) and Ferber (2), skin was reported as a high probability site, but, since 1969, non-melanotic skin cancer cases have not been added to the Registry, and melanotic skin cancer is now included in the category "other and unspecified". Therefore, in this paper when the Goldberg and Ferber data are compared to the current data, the probability of developing 
METHOD
The following symbols are used in discussing the method (with n = 5 years): q x = probability of dying in the age interval* to x + n;l x = number of persons surviving to exact age x\ d x = number of deaths in age interval x to x + n; L x = life table population in age interval x to x + n; I x = cancer incidence rate in age interval x to x + n; C x = number of cancer cases occurring in age interval x to x + n; M x = death rate in population upon which life table is based in age interval x to x + n; K x = number of non-cancer-caused deaths occurring in the Life-table population with cancer; and t = number of cancer cases in life-table population in any chosen age interval.
When differentiation between groups is needed, superscripts are used; no superscript, total; prime, cancer-free; c, with cancer.
The number of cancer cases expected to occur in the life-table population was calculated by multiplying the life-table population by the appropriate age-specific cancer-incidence rate,
This was done for each five-year age group. The number of cancer cases expected to occur among the life-table population from birth through the last age interval (i.e., 85+ years) is the sum of all the age-specific C x . Between any two specific ages, the total number of cancer cases is the sum of all C x in the chosen interval. These numbers of cases provide the numerators for calculation of probabilities. The denominators are the number of survivors from the original cohort (/" = 100,000) without cancer at each specific age interval. Thus, two populations were carried through the probability calculations, assuming a cancer-free population at birth (A> c = 0), lx = lx + IS (total = without + with cancer). It was assumed that life-table deaths and the probability of dying in a specific age interval could be divided into cancerrelated and non-cancer-related deaths and probabilities by using the ratio of the cancer death rate to the death rate from all causes prevailing in the population upon which the life table was based,
However, as noted by Goldberg (1) d x includes not only deaths among persons free of cancer, but also deaths among the cancer population from non-cancer causes. To estimate the number of these non-cancer-related deaths, the following assumptions were made: 1) the cancer-free population has the same risk of dying from causes other than cancer as does the population with cancer, and 2) cancer cases and deaths occur uniformly during the life table interval x to x + n.
New cases entering the cancer cohort were considered subject to the risk of dying from other causes for one-half the interval x to x + n. Also, those dying from cancer were subject to this risk for half the period. The cancer population exposed to q x for any interval was l x c while the number of deaths was
were corrected as follows:
This correction properly allocated the noncancer deaths among the cancer population, with
The denominator appropriate for calculation of the probability over any interval of interest is the l x ' -the cancer free survivors at the start of the interval. For example, probabilities calculated from birth will use ZQ = 100,000, since 1/ = 0. At age 20 to any endpoint, l' M will be used, etc.
The same method was used to calculate site-specific probabilities. Appendix table A2 contains the populations and cases used for computation of probabilities for the ten leading sites for males and females. (1950-1960-1970) As Goldberg noted, the probability of developing cancer is a function not only of cancer incidence, but also of the risk of dying from non-cancer causes. This risk affects comparisons made over time, since the life tables used for calculating probabilities will change as the mortality experience of the population changes. The magnitude of this effect was investigated by applying the 1970 incidence rates to the population represented in 1950 and 1960 life tables. The probabilities (x 100) calculated with and without this adjustment are given in table 1. For males, if the 1950 life table population prevailed in 1970, the probability of developing cancer from birth to age 85+ years for all forms of cancer combined would be 25.35-1.78 less than the value of 27.13 calculated using the 1970 population. Using the 1960 population, the adjusted probability is 26.37-0.76 less than the 1970 values. Examination of the changes in the life-table populations used in these analyses (Appendix table Al) shows the reason for the adjustment effects. The population surviving into later age intervals has increased substantially. These are the age groups where the incidence of cancer is highest for most cancer sites. With more males at risk at the high-risk ages, part of the rise in the probability of developing cancer from birth to age 85+ must be attributed to changes in life expectancy of the population.
RESULTS

Comparisons over time
Using the adjusted probabilities, one can determine the per cent increase in probabilities over time attributable to changes in the life tables. Between 1950 and 1970, the overall male probability rose from 18.58 to 27.13. If the 1970 adjusted to 1950 probability is used, the rise was from 18.58 to 25.35. This shows that approximately 20 per cent of the male increase over the 20-year period is attributable to Discussion of the effects of adjustment so far has dealt with probabilities at birth through 85+ years of age. Very little difference is caused by adjustment through the lower age groups. Adjustment begins to effect the probabilities at approximately age 60, with the effects from then on being greater for females than for males. Again, inspection of the life-table populations (Appendix table Al) demonstrates the reason for this effect. Changes in these popu-lations have been minimal at lower ages. Also, at later ages, where most change has occurred, the female increases have been of greater magnitude than those of males. Table 2 shows the current probabilities (x 100) of developing cancer at birth for various sites. One should remember that comparisons of these figures, and all further 1970 data, to other time periods will be confounded by previously mentioned changes in non-cancer mortality and by differences in the accuracy of diagnoses occurring between time periods. Also, the pattern of age-specific probabilities will be affected by earlier diagnoses of certain cancers. Within the current data, however, these factors present no problem.
Current probabilities at birth
The probabilities of table 2 are cumulative from birth, assuming a life span of 85+ years. The total male probability-27.13 -is approximately equal to the total female probability of 27.85. Earlier data consistently resulted in a higher probability for females. For males, the leading three sites (lung, prostate, large intestine) account for 46 per cent of the total probability. If the leading ten sites are grouped, they account for about three-quarters of the eventual 27 cases per 100 population.
Many of the leading male sites are also high-probability female sites-i.e., large intestine, lung, rectum, pancreas, stomach and bladder. Breast cancer, with a probability of 7.17, accounts for more than one-quarter of the total probability. The three leading sites (breast, large intestine, corpus uteri) comprise 45 per cent of the total probability. Lung cancer, a lower ranking site in both 1950 and 1960, now is ranked fourth among the leading female sites. The only sites among the top ten in 1970 to have declined over the period 1950-1960-1970 are stomach for both sexes, and cervix uteri for females.
If the cutoff point for determining probabilities at birth is age 65, the overall probability of developing cancer decreases dramatically (tab;3 3). For males, the drop is from 27.13 to 9.96 cases per 100, while females decrease from 27.85 to 11.55. The largest change in probability for an individual site between the 85+ and 65 year endpoints is prostate cancer. To age 65, the probability of developing prostate cancer is only 13 per cent of that through age 85+, a drop from 3.78 to 0.48 cases per 100. Among the leading female sites, none decrease as much as prostate for males. Of the leading sites at birth through age 85+, the probabilities of female stomach and gall bladder cancer decline most, both decreasing to about 19 per cent of their through 85+ value.
The rank order of both male and female probabilities also changes if 65 is taken as the end of the interval from birth. Lung cancer remains the leading male site (onequarter of the total). Prostate drops from second to fifth, with the order of the leading ten sites remaining almost the same as through 85+. Cancer of the esophagus drops from eleventh to fourteenth, its position being taken by brain cancer.
The order of the leading three female sites remains the same, with breast cancer now accounting for almost one-third of the total probability. Lung cancer drops from a rank of fourth to sixth. The largest drop is for stomach cancer, from ninth to thirteenth, although the difference between the probabilities for sites ranked tenth through fourteenth before age 65 (i.e., skin, thyroid, brain, bladder, and stomach) is not very large.
Current probabilities at various ages
The previous section illustrated the effect of changing the endpoint of the interval from birth on the probability of developing cancer. The intervals can also be changed by moving the starting point, and the effect of this modification can be investigated. Table 3 and figure 2 show these changes.
•i In table 3, the probability of developing any form of cancer for a male through age 85+ is highest at age 45, and for a female at age 20. This rise in probability as age increases is due to the higher incidence of cancer at greater ages and the decrease in size of the non-cancer population. Figure 2 shows the changes in probabilities that occur when the beginning and endpoints of the age intervals are varied. Each line running from left to right represents a constant age at the end of an interval. Points on the horizontal axis represent the ages at the start of the intervals. Vertical lines drawn from a starting age to an age at end of interval can be used to determine the probability of developing cancer for any combination of starting and ending ages. Thus, if a male is age 45, his probability of developing cancer by age 65 is read as 9.2 on the vertical axis, while the female probability for the interval 45 to 60 is read as 6.2 ( figure 2A) . Figure 2A can be used to examine patterns in change of probability with age for both males and females. The probabilities plotted represent all possible five-year age-intervals calculated using cases and populations in Appendix table Al. At any specific starting point, for either sex, the probability of developing cancer increases as length of the age interval increases. If the opposite is done-i.e., holding the age at the end of the interval constant and varying the starting point-the pattern of change in probability depends on the endpoint chosen. For example, a male's probability of developing cancer by the time he reaches 65 stays constant at approximately 10.0 until he reaches 35. From then until age 60, the probability continues to drop, to a low point of 4.2 for the interval 60 to 65. This contrasts with selecting an endpoint of age 85, where the probability holds at about 25.0 until age 60, where it begins to decline to a low of 12.0 for the interval 80 to 85. Until an endpoint of age 30, male and female patterns differ very little. From an endpoint age 35 to one of age 65, female probabilities at birth are consistently greater than those of males, while from ages 70 to 85+ they are approximately equal. At the last three age endpoints, the pattern of change in probability differs between sexes. Female probabilities begin to decline at a starting age 40, while male probabilities do not begin to decline until age 55. The female probabilities also decline at a faster rate. The trends shown in figure 2A are mirrored in the age-specific incidence rates of figure 1.
Several site-specific probabilities are shown in figures 2B through 2D. These sites were chosen since they demonstrate different patterns of probability change with age. The large intestine (figure 2B) demonstrates a site where neither the level nor shape of probability patterns differ greatly between sexes, although female probabilities are greater starting with the endpoint age 60. Lung cancer ( figure 2C ) differs between sexes in both pattern and level. Figure 2D shows male prostate and female breast cancer. The probability of the former increases with age beginning with an endpoint of 60 (the exception being the last age group on each plotted line). The probability of female breast cancer is shown to be greatest at early ages, declining at intervals that begin approximately at age 30. * Where Q = proportion dying in interval X to X + N; SM L •= number living at age X; D = number dying in interval X toX +N;LGL = number of years lived in interval X to X +N;T <= total number of years lived beyond age X; and E = observed expectation of life at age X. 
